Dehydroisoandrosterone, administered orally to New Zealand Black/New Zelnd White F1 hybrid mice, prevented the formation of antibodies to double-stranded DNA and prolonged survival in this murine model of lupus erythematosus.
Introduction
New Zealand Black/New Zealand White F. hybrid (B/W)' mice serve as an excellent animal model for the study of systemic lupus erythematosus (SLE) (1, 2) . Spontaneously, these mice develop an autoimmune disorder that is characterized by the formation of anti-DNA and antinuclear antibodies (ANA). In these mice, there are circulating immune complexes; and there are immunoglobulin deposits in the renal glomeruli and along dermal-epidermal junctions (3) . The maximal degree of severity of the immune complex glomerulonephritis (GN) is attained at 9 mo of age and death most often occurs before 12 mo of age.
Hurd et al. (4) demonstrated a beneficial effect of an essential fatty acid (EFA)-deficient diet on the time of onset and on the severity of lupus GN in these mice. In a preliminary study designed for a purpose totally independent of the study of murine lupus, we found fatty acid esterification of steroids, including dehydroisoandrosterone (DHA), in incubation mixtures that contained kidney tissue (5, 6) . To test the hypothesis that these two experimental findings may be interrelated by way of a common mechanism, we conducted the present investigation to evaluate the effect of DHA, administered orally, in this murine lupus model. filter radioimmunoassay that has been described in detail (7) .
Results
The cumulative mortality, as a function of age, for the nontreated and DHA-treated female B/W mice is presented in Fig. 1 . The nontreated mice began to succumb to lupus at 6.5 mo of age, and, by 12 mo, only 4 of 24 (17%) survived. By contrast, the DHA-treated mice began to die at 9.7 mo of age and 16 of 25 (64%) were alive at 12 mo of age.
The weight gain for each group of mice is presented in Fig. 2 . There was no significant difference in the mean weight of the mice of the two groups at any time in the study. The results of the anti-dsDNA autoantibody assay of plasma from both groups of animals are presented in Fig. 3 . An abrupt and striking increase in anti-dsDNA autoantibodies commenced between 4 and 5 mo of age in the mice that were not fed DHA. In contrast, the anti-dsDNA autoantibodies in the plasma of the mice treated with DHA did not increase appreciably throughout the course of the study.
To determine the effect of DHA-treatment on the development of immune complex GN, DHA-treated and nontreated B/W mice were sacrificed at 6 mo (n = 3) of age. Immunoglobulin deposition in renal glomeruli was evaluated by direct immunofluorescence microscopy of cryostat sections that were stained with fluorescein-conjugated anti-mouse IgG. Three investigators, who had no knowledge of the identity of the specimens, evaluated independently the immunofluorescence in these sections, and the brightness of immunofluorescence was assigned a value of 0 to 3. The immunofluorescence staining in glomeruli of DHA-treated mice was scored as 1, K. to prolongation of survival in mice destined to develop lupus.
The EFA-deficient animals survived longer, GN was less severe, and ANA and anti-dsDNA levels were appreciably lower than were those in animals fed a normal or else an EFArich diet.
We have demonstrated the formation of fatty acid esters of DHA in kidney tissue of B/W mice (6) . Based on this observation, we considered the possibility that the esterification of DHA might provide a "sump" for EFAs, and arachidonic acid in particular, and thus produce a beneficial effect similar to that demonstrated in B/W mice that are fed an EFAdeficient diet. Whereas this proposition led us to conduct the present study, we have no data in support of the proposition that the results of this study are attributable to a fatty acid "tsump" effect.
Androgens are known to be beneficial in delaying the time of onset and severity of murine lupus erythematosus. Prepubertal castration of male B/W mice causes an increased incidence of lupus, similar to that found in female mice; on the other hand, in prepubertally castrated female B/W mice that are given 5a-dihydrotestosterone (DHT) or testosterone (T), there is prolongation of life and less severe GN (7, 10) . DHT or T, administered to noncastrated female B/W mice at 3 mo of age or castrated female B/W mice at 6 mo of age, significantly improved survival (1 1).
Although DHA and DHA-sulfate are commonly referred to as "adrenal androgens," this is incorrect, in the strictest sense, since there is no known intrinsic androgenic property of either steroid. At this time, however, we cannot exclude the possibility that DHA acts, in part, by way of conversion to potent androgens. But, there are cogent reasons to believe that DHA does not act singularly by way of conversion to androgen(s). Notably, the plasma levels of anti-dsDNA antibodies in B/W mice treated with T or DHT were similar to those found in nontreated animals (11, 12) . Importantly, in DHAtreated mice, the levels of anti-dsDNA autoantibodies did not rise appreciably. Thus, we suggest that in the prevention of lupus, DHA acts, at least in part, in a manner independent of conversion to androgen.
In the present study, the mean weight of the mice was similar in both groups of animals. This is of considerable importance in view of the findings of studies conducted by Fernandes and associates (13, 14) , who found that a reduction in dietary fat resulted in prolongation of life and a decrease in the propensity for autoimmune disease in New Zealand Black mice. They also found that the longevity of B/W and DBA/2f mice was prolonged by dietary restriction ( 15, 16) . Furthermore, in nonautoimmune strains of mice, it has been demonstrated that a diet enriched in salts and vitamins, but limited in calories and protein, so-called "underfeeding," slows the rate of aging and prolongs life (17) . We do not believe that underfeeding was a factor in the beneficial effects observed in the DHA-treated mice as there were no significant differences in the weight or in the rate of weight gain of mice in either group.
DHA and DHA-sulfate are major secretory products of the human adrenal gland (18) . Although DHA-sulfate is the principal precursor of placental estrogen biosynthesis (19) , the biological role for either DHA or DHA-sulfate in men or nonpregnant women is unknown. Interestingly, DHA feeding prevents obesity (20) (21) (22) , prevents tumor development (23, 24) , ameliorates diabetes (25) (26) (27) , and prevents autoimmune hemolytic anemia (28) in rodents. Irrespective of the exact mechanism(s) by which DHA-treatment is beneficial, the oral administration of DHA was effective in the prolongation of life in B/W mice destined to develop lupus erythematosus and in the prevention of the formation of anti-dsDNA autoantibodies.
